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(54) [Title of the Invention] 

Electro-optical Device 
(57) [Abstract] 
[Object] 

To provide a device that can perform a tracking and guiding with a simple 
device construction, does not miss the target even if a rapid change in a speed of 
the target occurs and can perform a tracking and guiding with high accuracy, 
[Constitution] 

An optical system 1 widens its visual field compared to a popular 
wide-angle optical system due to a distortion. On the other hand, the distortion is 
not provided at the center of the visual field, so that it acts as a general telescopic 
optical system. Since this device has the optical system 1 having a wide visual 
field, it can normally perform a target detection in a wide range. In case where a 
signal source producing a signal strength more than the threshold value appears in 
the visual field, a signal processing device 4 automatically detects this as a target, 
obtains the deviation of the target position from the center of the visual field and 
outputs the resultant to a servo device 5 as an error signal. The servo device 5 
changes the direction of a rotational mounting 3 for placing the target at the center 
of the visual field based upon the error signal. 
[Effect] 

As the target is brought closer to the center of the visual field, highly 
accurate tracking can be performed. Further, even if the speed of the target 
rapidly changes, the target does not deviate from the visual field, thereby being 
capable of continuing the tracking. 
[Claims] 



[Claim l] An electro-opticalal device having following elements : 

(a) an optical system wherein other section of a visual field has a 
negative distortion with respect to one section thereof, and (b) signal processing 
means that receives the signal from the optical system and performs a signal 
processing. 

[Claim 2] An electro-opticalal device having following elements: 

(a) an optical system inputting a signal, (b) a detector having a plurality of 
elements that detect the signal from the optical system in which a density of the 
elements at one section is different from that at the other section, and (c) signal 
processing means that performs processing of the signal from the detector. 
[Detailed Explanation of the Invention] 
[0001] 

[Industrial Field to which the Invention belongs] 

The present invention relates to an electnropticalal device. 

[0002] 
[Prior Arts] 

Fig. 8 is one example of a conventional electro-opticalal device disclosed in 
Japanese Examined Patent Application No. SH05 1-20909. This device has hoth a 
target detection and a tracking function. In Fig. 8, numeral 7 designates an 
optical system in which a long focus, i.e., a telescopic state and a short focus, i.e., a 
wide angle can be selected, numeral 2 designates a video camera that converts 
light converged by the optical system 7 into a video signal, numeral 4 designates a 
signal processing device that automatically detects a target from the video signal 
outputted from the video camera 2 and transmits a deviation from the center of a 
visual field as an error signal, numeral 3 designates a tracking mirror that changes 



the direction of the visual field of the optical system 3, numeral 5 designates a 
servo device that controls the tracking mirror by utilizing the error signal 
outputted from the signal processing device and numeral 8 designates a focal 
distance operating device of the optical system 7. 
[0003] 

When this device performs the target detection, the optical system 7 is set 
to have a wide angle for detecting the target within a wide range. In case where a 
signal source appears in the visual field that produces a signal strength more than 
a threshold value, the signal processing device 4 automatically detects this as a 
target, then obtains a deviation of the target position from the center of the visual 
field to thereby output the resultant to the servo device 5 as an error signal. The 
servo device 5 changes the direction of the tracking mirror 3 based upon the error 
signal from the signal processing device 4 for bringing the target close to the center 
of the visual field. Since the signal processing device 4 renews the error signal 
every frame of the video camera 2, the servo device 5 controls the direction of the 
tracking mirror 3 so as to always place the target at the center of the visual field 
even if the target moves. The servo device 5 and the signal processing device 4 are 
generally well-known, so that the detailed explanation about their constructions is 
omitted here. 
[0004] 

After the target is brought close to the vicinity of the center of the visual 
field by the servo device 5, this device brings the optical system 7 into a telescopic 
state by the focal distance operating device 8 for continuing the tracking. 
Bringing the optical system 7 into a telescopic state enables to catch a slight 
change in the position of the target, thereby being capable of performing the 



tracking with improved accuracy. 
[0005] 

[Subject that the Invention is to solve] 

The conventional tracking device requires an optical system that can 
change the focal distance for performing a highly accurate tracking as described 
above, and further, it requires a device for operating this optical system, resulting 
in that the device is complicated and expensive. Moreover, in the case of operating 
the optical system, it takes much time from the start of the operation to the end 
thereof. Additionally, as a result of changing the optical system from a wide angle 
state to a telescopic state, the visual field becomes too narrow, so that there is a 
possibility that the target deviates from the tracking range of the device. Further, 
since the optical system is brought into the telescopic state with improved tracking 
accuracy, the visual field is narrow, entailing a subject that the target deviates 
from the tracking range when the speed of the target rapidly changes. 
[0006] 

The present invention is accomplished for solving the above-mentioned 
subjects, and aims to provide an electro*optical device that can perform a tracking 
with a simple device construction without using a zoom mechanism, is easy to 
catch a target at an initial stage of the tracking operation, does not miss the target 
even if a rapid change in a speed of the target occurs and can perform a tracking 
with high accuracy. 
[0007] 

[Means to solve the Subject] 

An electro -optical device according to the present invention has, for 
example, an optical system that is telescopic and has a negative strong distortion of 



not less than -20% in the vicinity of a visual field, a video camera provided with the 
optical system, a signal processing device that outputs a deviation between a target 
and the center of the visual field as an error signal by using a video signal from the 
video camera and means for changing a direction of the visual field based upon the 
error signal, this electro optical device comprising following elements: 

(a) an optical system wherein other section of a visual field has a 
negative distortion with respect to one section thereof, and (b) signal processing 
means that receives the signal from the optical system and performs a signal 
processing. 
[0008] 

Further, an electro-optical device according to the present invention has, 
for example, an optical system, a video camera provided with the optical system 
and a detector in which a density of a photoelectric conversion element (hereinafter 
simply referred to as an element) at the central section is higher than that at the 
peripheral section, a signal processing device that outputs a deviation between a 
target and the center of the visual field as an error signal by using a video signal 
from the video camera and means for changing a direction of the visual field based 
upon the error signal, this electro-optical device comprising following elements^ 

(a) an optical system inputting a signal, (b) a detector having a plurality of 
elements that detect the signal from the optical system in which a density of the 
elements at one section is different from that at the other section, and (c) signal 
processing means that performs processing of the signal from the detector. 
[0009] 
[Operation] 

According to the first invention wherein, for example, the optical system 



that is telescopic and has the negative strong distortion in the vicinity of the visual 
field is used, a wide visual field can be established due to the negative distortion of 
the optical system in the vicinity of the visual field, and further, a signal of the 
central section of the visual field having high resolution can be produced since the 
center of the visual field is in the telescopic state. The signal processing device 
images this signal onto the detector, converts light converged by the detector into 
an electrical signal, converts the electrical signal into a video signal and outputs 
the deviation between the target and the center of the visual filed as an error 
signal by using, for example, the video signal. 
[00101 

According to the second invention, the optical system converges light in the 
visual field and images it onto the detector. The detector converts light into an 
electrical signal. Since the detector is constructed, for example, such that the 
element density at the central section is higher than that at the peripheral section, 
the image is spatially finely resolved at the center of the detector while spatially 
roughly resolved at the periphery of the detector. The signal processing device 
converts the electrical signal into a video signal, and then, outputs the deviation 
between the target and the center of the visual field as the error signal by using, 
for example, the video signal of the video camera. 
[0011] 

[Embodiment] 

Fig. 1 is a view of a construction of a device showing one embodiment of 
the present invention. In Fig. 1, the sections having the same numerals as in Fig. 
5 represent the same or corresponding sections. In Fig. 1, numeral 1 designates 
an optical system that is telescopic and has a strong negative distortion of, for 



example, not less than -20%, numeral 2 designates a video camera, numeral 3 
designates a rotational mounting, numeral 4 designates a signal processing device, 
numeral 5 designates a servo device performing a tracking control, numeral 6 
designates a display, numeral 12 designates a detector, numeral 13 designates 
means for changing the visual field direction comprised of the rotational mounting 
3 and the servo device 5. 
[0012] 

A general telescopic optical system is designed to have xl magnification or 
more, and normally has, for example, a focal distance of 50 mm. Further, the 
general telescopic optical system is designed to reduce a distortion, but the optical 
system 1 of the present invention has a strong negative distortion in the vicinity of 
the visual field. 
[0013] 

Fig. 2 is a view for explaining the distortion. A signal goes straight in a 
normal telescopic optical system as shown by solid lines A and B in Fig. 2. 
However, in case that there is a negative distortion, a signal from the center goes 
straight as shown by a broken line C, while a signal having an angle a is outputted 
with an angle 8, not going straight as shown by a broken line D. The distortion at 
this angle is calculated as follows. 
[0014] 

Distortion = X/Y * 100 (%) 
= -3/5 * 100 (%) 
= -60 % 

[0015] 

Fig. 3 is a graph showing one example of a relationship between the visual 



field of the optical system 1 and the distortion: The optical system having the 
distortion shown in this graph is not so different from the conventional telescopic 
optical system since the distortion in the vicinity of its center is small. However, 
the distortion in the vicinity of the visual field is great such as -83.3 %, thereby 
obtaining a half angle of the visual field of 35.4°. In case where the focal distance 
is 150 mm and the radius of the detector 12 is 8 mm, for example, this visual field 
angle is equal to the visual field obtained when an ideal lens having the focal 
distance of 25 mm is used, thus obtaining a wide visual field almost equal to the 
wide angle. 
[0016] 

Subsequently, the operation of the device according to the present 
invention will be explained. Since this device has the optical system 1 having a 
wide visual field, it can normally perform a target detection in a wide range. In 
case where a signal source producing a signal strength more than the threshold 
value appears in the visual field, the signal processing device 4 automatically 
detects this as a target, obtains the deviation of the target position from the center 
of the visual field and outputs the resultant to the servo device 5 as the error 
signal. 
[0017] 

The servo device 5 changes the direction of the rotational mounting 3 for 
placing the target at the center of the visual field based upon the error signal. 
The optical system 1 acts as a telescopic optical system as the target is brought 
closer to the center of the visual field, so that a fine positional change of the target 
can be caught to thereby perform highly accurate tracking. Further, since the 
visual field is wide, even if the speed of the target rapidly changes, the target only 



temporarily moves to the peripheral section from the center of the visual field in 
most cases, not deviating from the visual field due to a wide visual field, thereby 
being capable of continuing the tracking. 
[00181 

Fig. 4 is a view showing that a person M moves from a position PI to a 
position P2, wherein an arrow L in Fig. 4(a) shows the case where the person M 
moves in the upward direction, while an arrow N shows the case where the person 
M moves in the leftward direction. Even when the person M moves a distance Zl, 
or a distance Z2, or a distance Z3 (note that Zl < Z2 < Z3) as shown in Fig. 4(b), the 
detector 12 can catch this movement as the movement of the same unit due to the 
distortion of the optical system 1. Accordingly, a highly accurate tracking can be 
executed as conventionally within the range of Zl that is the center of the visual 
field, and further, a tracking is possible even if the person M greatly changes his or 
her position within the range of Z3 that is the peripheral section of the visual field. 
[0019] 

As described above, this embodiment gives an explanation about an 
electro -optical device having an optical system that is telescopic and has a negative 
strong distortion of not less than -20% in the vicinity of a visual field, a video 
camera provided with the optical system, a signal processing device that outputs a 
deviation between a target and the center of the visual field as an error signal by 
using a video signal from the video camera and means for changing a direction of 
the visual field based upon the error signal. 
[0020] 

The device is constructed, according to this embodiment, to have an optical 
system that is telescopic and has a negative strong distortion in the vicinity of a 
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visual field, a video camera provided with the optical system and having a detector, 
a signal processing device that outputs a deviation between a target and the center 
of the visual field as an error signal by using a video signal from the video camera 
and means for changing a direction of the visual field based upon the error signal, 
thereby being capable of performing a tracking, guiding or the like with simple 
device construction without using a zoom mechanism. Further, a spatial 
resolution of an imaging device is high in the vicinity of the center of the visual 
field, thereby being capable of performing highly accurate tracking, guiding or the 
like. Moreover, a visual field is wide, so that the target is not missed even if the 
rapid change in the speed of the target occurs, thereby obtaining high reliability in 
the tracking, guiding or the like. 
[0021] 

Additionally, the present device can simply be constructed by providing an 
optical system that is telescopic and has a negative strong distortion of not less 
than -20% in the vicinity of a visual field to a popular tracking device. 
[00221 

[Embodiment 2] 

Although the above-mentioned embodiment gives an explanation taking as 
an example of optical system having a negative distortion in both vertical and 
lateral directions (or in a 360-degree direction), an optical system can be used that 
is distorted only in the vertical direction, only in the lateral direction, only in the 
upward direction, only in the downward direction, only in the rightward direction, 
only in the leftward direction, or in the radial curve direction, or distorted based 
upon other special regulations. Alternatively, the direction combining these 
directions may be possible. 
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[Embodiment 3] 

Fig. 5 shows another embodiment of the present invention. In Fig. 5, the 
sections having the same numerals as in Fig. 1 represent the same or 
corresponding sections. Here, numeral 9 designates a wide-angle optical system 
and numeral 10 designates a detector having a high element density at its center 
and a low element density at its peripheral section. The detector 10 has, for 
example, a high element density at its central section while has a low density at its 
peripheral section as shown in FIG. 6, to thereby provide a high spatial resolution 
at its central section. The present device has the optical system 9 having a wide 
visual field, thereby being capable of generally performing a target detection within 
a wide range. 
[00241 

In case where a signal source producing a signal strength more than the 
threshold value appears in the visual field, the signal processing device 4 
automatically detects this as a target, obtains the deviation of the target position 
from the center of the visual field and outputs the resultant to the servo device 5 as 
the error signal. The servo device 5 changes the direction of the rotational 
mounting 3 for placing the target at the center of the visual field based upon the 
error signal outputted from the signal processing device 4. The spatial resolution 
of the detector 10 is enhanced as the target is brought closer to the center of the 
visual field, so that a highly accurate tracking can be performed at the central 
section of the visual field. Further, even if the target moves with high speed, the 
target only temporarily moves to the peripheral section from the center of the 
visual field, not deviating from the visual field due to the wide visual field by the 
wide-angle optical system 9. 
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[0025] 

Fog. 7 shows a correspondence of photoelectric conversion elements of the 
detector 10 when a place PI to P2 is divided into each area of Zl, Z2 and Z3 (Zl < 
Z2 < Z3). When a person M moves in the range Zl, he or she is detected by 
high-density photoelectric conversion elements 11a, when the person M moves in 
the range Z2, he or she is detected by middle- density photoelectric conversion 
elements lib, and when the person M moves in the range Z3, he or she is detected 
by low -density photoelectric conversion elements 11c, whereby a tracking within a 
wide range is made possible at the peripheral section of the visual field while a 
highly accurate tracking is made possible at the center of the visual field. Even if 
the person M moves from P2 by a distance d in Fig. 7, for example, the movement 
detected by the same photoelectric conversion elements cannot be detected, but in 
case where he or she moves from PI by d, the movement can be detected since the 
receiving photoelectric conversion elements are changed. 
[00261 

As described above, this embodiment gives an explanation about an 
electro-opticalal device having an optical system, a video camera provided with the 
optical system and a detector in which a density of a photoelectric conversion 
element at the central section is higher than that at the peripheral section, a signal 
processing device that outputs a deviation between a target and the center of the 
visual field as an error signal by using a video signal from the video camera and 
means for changing a direction of the visual field based upon the error signal. 
[0027] 

According to this embodiment, the device is constructed to have an optical 
system, a video camera provided with the optical system and a detector in which a 
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density of a photoelectric conversion element at the central section is higher than 
that at the peripheral section, a signal processing device that outputs a deviation 
between a target and the center of the visual field as an error signal by using a 
video signal from the video camera and means for changing a direction of the visual 
field based upon the error signal, thereby expecting the same effect as that 
provided by the embodiment 1. 
[0028] 

Further, providing a detector having a high element density at its central 
section and having a low element density at its peripheral section to a tracking 
device enables to construct a desired tracking device even by using a popular 
wide-angle optical system, and moreover, it can reduce the number of the elements 
compared to the device using a detector having a high element density all over the 
visual field, resulting in decreasing a load to the signal processing device. 
[0029] 

[Embodiment 4] 

Although the above-mentioned embodiment gives an explanation taking an 
example of the case where the density at the central section is higher than that at 
the peripheral section, there may be the case where photoelectric conversion 
elements are arranged having a density changed in the upward direction, in the 
downward direction, in the rightward direction, in the leftward direction or 
changed based upon the other special regulations. 
[0030] 

[Effect of the Invention] 

As described above, according to the first and second inventions, an 
electro-optical device can be obtained that can perform a tracking with a simple 
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device construction without using a zoom mechanism, is easy to catch a target at 
an initial stage of the tracking operation, does not miss the target even if a rapid 
change in a speed of the target occurs and can perform a tracking with high 
accuracy. 

[Brief Explanation of the Drawings] 

[Fig. l] A constructional view showing one embodiment of an electro-optical device 

according to the present invention. 

[Fig. 2] A view for explaining a distortion. 

[Fig. 3] A view showing a relationship between the distortion of an optical system 
used in this invention and a visual field. 

[Fig. 4] A view showing an operation of the electro -optical device according to the 
present invention.. 

[Fig. 5] A constructional view showing another embodiment of an electro-optical 
device according to the present invention. 

[Fig. 6] A view showing a shape of an element in a detector used for an imaging 
device according to the present invention. 

[Fig. 7] A view showing an operation of the electro-optical device according to the 
present invention. 

[Fig. 8] A constructional view of a conventional electro-optical device. 

[Explanation of Symbols] 

l: Optical System that is telescopic and has strong distortion of more 
than -20 % in the vicinity of the visual field 

2: Video Camera 

3* Rotational Mounting 



-16- 



4' Signal Processing Device 

5: Servo Device 

9: Wide Angle Optical System 

10^ Detector wherein an element density at its central section is higher 
compared to that at its peripheral section 

li: Photoelectric Conversion Element 
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